Over the years many measurements have been performed at various laboratories to find the maximum permissible perturbation and the parametric dependences of that perturbation. In this paper new measurements performed at SPEAR are presented and compared with measurements from ACO,l ADONE, and VEEP-2M. 3 Results from other storage rings have been ignored because they either show lower permissible perturbations or because of insufficient published data.
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Phenomenology of the Beam-Beam Effect
During the process of filling a storage ring with electrons or positrons both beams are customarily separated at the collision points by the use of electrostatic fields. When a current in both beams sufficiently large to exhibit a beam-bean effect but not too large to be distructive is stored the electric fields are turned off within a few microseconds.
In all experiments the intensity of both beams is equal.
With both beams colliding we make the following general observation by looking at the bean cross-section as transmitted via the synchrotron light:
-both beams are blown up vertically -there is no significant horizontal blow up (~10%)
-one of the beams is blown up much more than the other one. Therefore, the horizontal width of both beams is slightly different even where separated ( Fig. l(a) ). In Fig. 2 For colliding beams we observe little blow up of the horizontal beam size in the center but significantly more in the tails. Much more dramatic, however, is the blow up of the vertical tails which is of the order of a factor 5 compared to a factor of 2 in the center of the beam.
It is this large vertical blow up that requires a vertical acceptance of the storage ring that is larger than expected from bean size measurements of the core.
III. Parametric Dependencies of the Beam-Beam Effect
In order to understand more about the beam-beam effect measurements of the limit as a function of many parameters have to be performed. To characterize the bean-beam effect it has become customary to measure or calculate the linear tune shift for small amplitude particles due to the space charge field of the other beam. As mentioned before, the electro- 
Ba a x Y If we combine Eqs. (3) and (4) with cX the horizontal beam emittance (.cX -y2).
In the rest of this paragraph we will discuss the validity of this model.
In SPEAR and other storage rings measurements have been performed to determine the parametric dependence of the maximum tune shift which we will discuss in the remainder of this section: For the rest of this paper we assume there is a universal beam-beam effect in all four storage rings that makes the maximum achievable lumino-
It should be mentioned, however, that above a certain energy indicated by an arrow + in Fig. 8 Fig. 8 we can calculate the linear tune shift if the beam current is known. In Fig. 9 , the tune shift parameter 5 as a function of energy is plotted for ADONE and SPEAR. All measurements from ADONE involve 6 interaction points while SPEAR only has 2 interaction points. For AC0
and VEEP-2M no data for the beam currents were available to calculate the S-parameter. From Fig. 9 , we conclude that the maximum linear tune shift is a linear function of energy and not as commonly assumed, a constant:
In Section II it was described how the vertical beam hlow up increases with increasing bean current until the aperture limit is reached.
We have investigated this in more detail in SPEAR. With the help of a scraper the total vertical bean size was measured as a function of the beam current. In Fig. 10 , the result of such a measurement is shown. We plot the tune shift parameter versus the square root of the total beam emittance for reasons that will become apparent in the next section. The result of the measurement looks very surprising. Only for c-parameters larger than .02 we observe the expected beam blow up 9 which is consistent with the observation in Fig. 3 .
The maximum achievable tune shift parameter usually is assumed to be independent of the number of interaction points in a storage ring.
This assumption is in disagreement with the observations from ACO' and ADONE the only storage rings where the number of interaction points can be changed still preserving a machine symmetry of at least two. In both storage rings it was observed that the maximum value of 5 is reduced as -13-the number of interaction points is increased. The data are consistent with a scaling of which we will assume to be correct in the following section. 
Iv. Try of an Empirical
where C is the circumference of the storage ring.
Both damping [Eq. (10) (12) where u is a constant and E ytot the total vertical beam emittance.
From a dimensional point of view Eq. (11) is not very satisfactory, but since we do not know the exact mechanism of the beam-beam blow up we bury all dimensions in the proportionality constant u and use Eq.
(12) only as a guide for experiments and as a possible empirical scaling law.
In Eq. (12), we discover first the correct energy dependence. Since N E2 and T N E 
XY nIP -16- The total vertical emittance of E = 1.9x10 -6 mm mrad at 2 GeV ytot also is consistent with the density distribution measurement of Fig. 5 where we found at 1.55 GeV an emittance of E ytot = 1.5x 1o-6 mm mrad which gives 2.0 mm mrad at 2 GeV.
V. Conclusion
The maximum achieved beam-beam parameter 5 has been measured in SPEAR and compared with other storage rings. At lower energies we found a consistent behavior of the beam-beam effect leading to a maximum luminosity to scale like L i E6 and a maximum beam-beam parameter scaling like c,, N E. This is in contradiction to the generally assumed constant value of cm,, for the design of new storage rings. An empirical scaling law has been described which is consistent with the measurements available.
The author is aware of the lack of detailed theoretical -18-background for this model but it helped to perform specific measurements which might be useful to finally understand the beam-beam effect in electron-positron storage rings.
In general, we conclude that the damping time and the vertical acceptance of the storage ring is of prime importance to reach large luminosities. Beam cross-sections for separated and colliding beams.
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